Muscular dystrophies are hereditary diseases in which diagnosis and classification are dependent upon the recognition of clinical syndromes."2 Frequently it is difficult to place the individual patient into one or the other of the typical dystrophies. The clinical classification may only partly reflect aetiological differences. For the diagnosis of muscular dystrophies electromyography (EMG) is an important complement to the clinical evaluation. The typical findings were first described by Kugelberg.34 The EMG changes in muscular dystrophies have commonly been attributed to loss of muscle fibres within the motor units5 although additional changes due to regenerative mechanisms have been suggested. 6 Furthermore a neurogenic component has been suggested from findings of reduced number of motor units as seen by a neurophysiological technique for motor unit counting.7
The aim of this study is to further elucidate the microphysiology of the motor unit in different dystrophies. For these studies different electrophysiological techniques are used. By means of Single Fibre EMG (SFEMG) activity in individual muscle fibres and motor end-plates is studied and by Scanning EMG the total motor unit territory is determined. Diagnosis
We chose to include patients with diagnosis of Duchenne, limb-girdle (LG), and facio-scapulo-humeral (FSH) dys- In the ischaemic test a blood-pressure cuff was loosely placed around the upper arm. A SFEMG recording was made from the voluntarily activated EDC muscle. After some minutes of continuous recording the cuff was insufflated to 200 mmHg. The potential was followed during ischaemia. It is normally unaffected during the first 2000 to 3000 discharges after which there is an increasing jitter and appearance of intermittent blockings. '6 In the local curarisation test a similar procedure as in the ischaemic test was followed. After the cuff insufflation 30 ,tg per kg bodyweight of d-tubocurarine in 20 ml saline was given intravenously distally in the arm. The cuff was released after 4 minutes. Recordings were made before, during and after the period during which the cuff was insufflated.
The effect of edrophonium (Tensilon) on the jitter was tested in recordings with increased jitter. 2 + 8 mg of the drug was injected intravenously at 1 minute interval.
All the signals were recorded on tape, and were studied in detail off line. The motor unit in muscular dystrophy, a single fibre EMG and scanning EMG study When blocking was seen, this usually affected individual components with increased jitter. Exceptionally paired blockings occurred. In these situations the concomitantly blocking components showed normal or abnormally low jitter between each other, but usually increased jitter relative to the main part of the complex (fig 2) .
The jitter value was higher in the biceps brachii than in the EDC muscle within the same dystrophy group (p < 0*030 in LG, <0-08 in FSH). When muscles with the same degree of weakness were compared, MCD was higher in EDC than in biceps muscle (p < 0-04). There was a positive correlation between RFD and MCD in biceps (r = 0-85, p < 0.002) and in EDC r = 0-50 p < 0.009). Fibres were suddenly recruited into the studied potential during the ischaemia in two recordings. The recruited fibres had immediately a normal jitter in one case and an abnormally low in the other.
Since ischaemia also may evoke jitter and blocking in individual components in recordings assumed to indicate branched fibres, the test could underestimate the number of branched fibres. Therefore curare experiments were performed, assuming the effect to be localised purely to the motor end-plate.
Three experiments with local curarisation were performed in one patient. Sixteen LG and in two with FSH dystrophy. The investigation was performed in the tibial anterior and brachial biceps muscles, which in all the patients 120s were moderately to severely weak. Scanning was of ischaemic also performed in four healthy controls (fig 9) . The intramuscular distance between the extreme electrode positions where motor unit activity was obtained (corresponding to the cord of the motor unit territory) did not differ significantly in the dystrophic muscle (in biceps 7-8+2*3 mm, n = 5; in tibialis anterior 7.5±+2.3 mm, n = 33) compared Before with controls (in biceps 6-0±3-9 mm, n = 13; in ischmmia tibialis anterior 7 9+ 1 3 mm, n = 11) (p > 0.3). The maximal recorded length was about 15 mm in both muscles studied in the patients. This is similar to findings in normals. The increase in fibre density seems to be in contradiction to earlier interpretations of the electrophysiological findings in muscular dystrophies. This needs to be discussed. A number of factors may influence the fibre density parameter, the most important of which are volume conduction properties of the muscle tissue and the size and distribution of the electrical generators, the muscle fibres.
An increased volume conduction in dystrophic muscle would give an increase in FD because of a larger effective pick up area of the electrode. Our measurements did not show any difference between normal and dystrophic muscles as judged from the shape of the amplitude/distance curve over the distance of 455 ,um. Other factors therefore seem mnore important for the change in FD values.
Is the fibre density measure changed due to abnormal fibre diameters? The action potential amplitude is normally thought to be correlated with the fibre diameter and the recording distance to the fibre. The histological picture of muscular dystrophies is characterised by increased variability in muscle fibre diameter.21 There is a small proportion of hypertrophic fibres that may generate high action potentials. In the volume conduction studies the 990 high action potentials were recorded over a slightly longer distance than the average but within the range found in normal muscles. Large fibres were typically not seen in groups in the biopsy and their contribution to the increased FD is therefore considered to be of minor importance. Atrophic fibres, on the other hand, produce low action potential amplitudes and are recorded over a shorter distance. This should lead to a reduced, not increased FD value. The atrophy could however lead to shrinkage of the muscle with a more closely packed motor unit which should increase the FD. The net results of the two opposing effects of atrophy on FD, lowering because of weak electrical generators, increasing because of packing, is difficult to predict.
In normal children with small muscles but presumably with the same number of fibres and motor units as in adults, the FD is only slightly higher than in adults.'2 In cases with inactivity atrophy due to leg fractures the FD is unchanged. (unpublished observations) Therefore it is unlikely that a generalised fibre atrophy with corresponding motor unit shrinkage would account for the high FD values.
It, however, a heterogeneous atrophy took place, abnormal FD could be seen. In case all fibres in some motor units became atrophic while other motor units were preserved, the latter would become more densely packed but with normally sized fibres. This change in motor unit topography is not supported by the results of the Scanning EMG indicating that the motor unit territory is unchanged compared with findings in normal muscles.
The increased fibre density seems most likely to be due to abnormal fibre distribution. Fibre density increase is most often seen in neurogenic lesions where it is interpreted as a sign of reinnervation giving increased number of fibres in the motor unit.'3 A local increase of number of fibres could also be the explanation for the increase in fibre density in the dystrophfes2022 23 ( fig 11) . The increase could be due to myogenic mechanisms by which a muscle fibre is "branched". Splitting of fibres, which is described as a common phenomenon in myopathies,2425 is seen as incomplete septa passing into an otherwise complete muscle fibre or by the formation of separate muscle fibre branches arising from one muscle fibre, seen in transverse sections.26 Splitting often takes place in large fibres and has been interpreted as a degenerative phenomenon.27 Branched fibres may also result from small regenerating fibres formed by satellite cells within the endomysial sheath which remains after a degenerated fibre segment. 28 low jitter (below 10 ,s in this study)."5 Decreased jitter was found more frequently in this study than in normal muscles, but it was not a prominent finding. The evidence that the low jitter indicated branched fibres in dystrophic muscles was the occurrence of concomitant blocking of the spike components with low jitter during ischaemia or curare. This is different from the blocking in recordings with normal jitter in such tests in which the spikes block independently after preceding increase in jitter.16 Exceptionally spikes with low jitter blocked independently in muscular dystrophies, but they had a neglectable increase in jitter, suggesting a myogenic block in an abnormal muscle fibre branch.
No quantitative estimation of the branched fibres is made in this study. The number of branched fibres can be underestimated for the following reasons. Firstly a low jitter may be superimposed with interdischarge interval dependent jitter, particularly prominent in dystrophic muscles.20 This effect is mainly neutralised mathematically by expressing the jitter as MSD. Secondly it is difficult to detect all individual components with low jitter since they are disturbed by neighbouring jittering spikes in the complex recordings. Thirdly it cannot be excluded that some branched fibres may have a jitter due to randomly varying impulse transmission along the muscle fibre. Such a jitter was seen to develop during ischaemia in recordings suggesting branched fibres. The number of branched fibres can be overestimated since their cardinal sign, low jitter is also seen in cases of ephaptic transmission between separate muscle fibres. 29 Ephaptic transmission is another mechanism through which increased number of muscle fibres may be recorded. If an active muscle fibre triggers an action potential in a neighbouring hyperexcitable fibre, an increased FD should be obtained. This mechanism, seen as recruitment has been shown to take place in denervated muscles29 and the phenomenon was also seen several times in muscular dystrophies. Usually the locking of a fibre is obtained with increasing innervation rate, and unlocking when the rate is again decreased. Since the ephaptic transmission could occur between different fibre types, this may lead to a discrepancy between morphological fibre type grouping and FD. The quantitative importance of this phenomenon for increased FD is not settled.
In muscular dystrophies double discharges were sometimes encountered. These are easy to recognise and the phenomenon is therefore not In a preliminary (in preparation) study with intramuscular nerve stimulation the jitter is found to be increased in about 25% of the spike components of the recordings, contrasting with the findings of low or normal jitter values at direct muscle stimulation.40 This seems to be strong evidence that the jitter often is generated in the distal nerve twigs or in the motor end-plates supporting the idea of ongoing innervation.
In muscles with increased FD the total duration of the multispike complex is prolonged, even more than that observed in neurogenic disorders with an equivalent increase in FD. The increase could be due to a large variation in the propagation velocity of the muscle fibres which has also been confirmed by direct measurements.20 Neurogenic factors may also contribute to the total duration such as abnormal end-plate position or slow conduction velocity in the nerve terminal.62039
In summary we find increased FD in the motor unit. This finding independent of causative mechanism, does not seem to fit the general concept of loss of active fibres in muscular dystrophies. One explanation for the apparent contradiction20 would be degenerative-regenerative phenomena. These result in heterogeneous distribution of muscle fibres in the motor unit, with groups of fibres locally, recorded by the SFEMG, separated by "silent areas" within the motor unit, not detected by the SFEMG.
Scanning EMG was used to highlight the problem of fibre topography within the motor unit. Since we have no way of finding the centre of the motor unit the exact diameter could not be determined, but a cord of the motor unit cross section was studied. This was found to be the same in the LG and FSH patient material and in normals. This is in agreement to what is reported in multielectrode studies.540 The mean length obtained in this study is longer for both patients and normal subjects than in the multielectrode studies. In another study in the same patient material'9 "silent areas" within the motor unit territory were seen, supporting the idea of rearrangement of muscle fibres within the motor unit with local fibre grouping mixed with silent areas.
The increase in FD and jitter and the other SFEMG abnormalities were usually seen when the studied muscle was clinically involved, but not if the muscle was clinically preserved. This was also confirmed by multiple regression analysis. Excep 
